The leg was immobilized by pinning the proximal and distal portions of the tibia to a brace, and approximately 35 g of tension were placed on the muscle to stretch it to its normal resting length. Platinum electrodes then were placed on the common peroneal nerve, which had been isolated earlier;
and single square-wave shocks of 0.2 ms duration were applied, using a Grass model S4K stimulator, to establish supramaximal voltage. Next, the right femoral artery was ligated. The muscle then was stimulated to contract at a frequency of 3/s until twitch tension fell to 25 % of its peak value, at which time the muscle was rapidly excised and frozen with Wollen berger tongs cooled in liquid nitrogen.
Perchloric acid extracts of the muscles were prepared and neutralized with KOH (7) for measurement of lactate (6) and inorganic phosphate (5) enzymatically and for measurement of ATP, ADP, PC, @-GPA, and ,&GPAP concentrations by an automated chromatographic procedure (2, 7) .
RESULTS
The average twitch tensions developed during the first 130 s of stimulation of hypoxic tibialis anterior muscles from rats fed P-GPA and of comparably treated muscles from control rats are shown in Fig. 1 . By 140 s, the twitch tensions of several muscles had already dropped to 25 % of their peak tensions, at which point they were frozen. The initial twitch tensions were the same in control muscles and in muscles from rats fed ,&GPA. However, during the first 50 s of stimulation, control muscles exhibited the staircase phenomenon, with a 30-g increase in twitch tension per gram of muscle, before tension started to decrease. In contrast, tension began to decrease immediately in muscles from rats fed P-GPA.
Consequently, the peak tension and final tension (25 % of peak tension) were significantly higher in control muscles (P < O.OZ), and the area under the curve of twitch tension, plotted as a function of time, was 28 % lower for muscles from rats fed P-GPA than for control muscles.
The stimulation of these hypoxic tibialis anterior muscles caused large changes in the concentrations of lactate, ATP, PC, Pi, @-GPA, and ,&GPAP (Table 1) . Of particular interest is the finding that, despite roughly similar decreases in the concentrations of P-GPAP and PC as a result of contractile activity, the concentration of @-GPAP in muscles from rats fed P-CPA was still higher after stimulation than the PC concentration in resting control muscles. It is also noteworthy that feeding P-GPA caused decreases in the concentrations of ATP and PC and accumulation of /3=GPA and P-GPAP in resting tibialis anterior muscles (Table 1) to the same extent as has been reported previously for gastrocnemius muscles (2).
DISCUSSION
The relationships between the use of high-energy phosphate and tension development confirm the ability of &GPAP to substitute for PC as a source of energy to sustain muscle contraction.
The total use of high-energy phosphate per gram of stimulated muscle can be estimated by taking the sum of the decreases in the concentrations of ATP and PC, plus the difference between the expected increase in ADP concentration and that found, plus 1.5 times the increase in lactate concentration (assuming that 1.5 pmol of ATP was formed for each pmol of lactate produced). This amounts to 49.0 umol for the control muscles and to FITCH ET AL. 22.4 pmol for muscles from rats fed P-GPA. In addition, the muscles from rats fed @-GPA had a decrease of 10.9 pmol/g in the concentration of P-GPAP. Including this decrement in ,&GPAP, the use of high-energy phosphate may be calculated to be 32 % lower in muscles from rats fed ,&GPA than in control muscles. This apparent reduction in energy use corresponds closely to the 28 C:a reduction in the total amount of tension developed by muscles from rats fed ,&GPA, as would be expected if the phosphate bond energy of ,&GPAP is similar to that of PC. Despite the ability of P-GPAP to substitute for PC, however, the muscles of rats fed ,&GPA have low ATP concentrations and, with repetitive stimulation under anoxic conditions, a rapid decline in twitch tension and absence of the staircase phenomenon.
Whether or not ATP concentrations in the vicinity of the actin-myosin crossbridges are low enough to cause such a rapid decline in twitch tension and absence of the staircase phenomenon remains to be determined.
Also to be determined is the reason for low ATP concentrations in the presence of high P-GPAP concentrations.
For example, the ATP concentration was only 2.7 pmol/g in resting muscles from rats fed ,&GPA when the ,&GPAP concentration was 30.3 pmol/g. With stimulation of the muscles, the ATP concentration decreased to 1.7 pmol/g although the ,B-GPAP concentration (19.4 pmol/g) remained higher than that of PC in resting control muscles. In contrast, the ATP concentration was maintained at 2.7 pmol/g in the stimulated control muscles although the PC concentration decreased from 15.8 to 1.5 pmol/g.
